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11.1 INTRODUCTION 
 
Plastic waste is a global issue, rapidly escalating, with approximately 311 million tons of 
plastic produced world- wide in 2014 [29]. The development of the chemical process for 
manufacturing synthetic polymers which is plastics made of crude oil and petroleum was a 
breakthrough of chemistry and in material sciences and it paved the way to the production 
of one of the most versatile group of materials ever produced. These synthetic polymers 
combined features exhibiting strength, flexibility, light weight and easy and low cost 
production. However, found to be extremely durable and were considered among the most 
non-biodegradable synthetic materials [26]. The major disposal method of these materials is 
incinerated or landfilled, which both are not sustainable and not environmentally friendly 
solutions [22]. Plastics are widely used in almost all industries, especially in the packaging 
and building sectors, due to their great versatility, low weight and excellent electrical and 
thermal insulation properties [3]. From the environmentally friendly point of view, the 
production of biodegradable plastics is important to reduce the pollution of plastic waste in 
the environment compare to degradable plastics. Petroleum-based plastic products are 
characterized as not easily degradable compare to starch based as the degradable additives 
[26]. There is a study that published in Science, they estimated that out of 192 coastal 
countries in the world, Malaysia at the eight largest producer of mismanaged plastic wastes. 
They also estimated in 2010, Malaysia had produced around 0.94 million of tons 
mismanaged plastic wastes, which is 0.14 to 0.37 million tons may have been washed into 
ocean [28]. 
 Plastic bags are a common means of carrying merchandise. In Israel, retailers, open-
air markets, and shops distribute the bags, which are manufactured from high-density 
polyethylene (HDPE) and aimed to be used once, free of charge [2]. With a population of 
over 25 million in 2007, Malaysia generates approximately 18, 000 metric tons of domestic 
                                          Sustainable Environmental Technology: Volume 1     2018 
ISBN 
 
 
 
116 
 
waste on daily basis [18]. Plastic bags are made from fossil fuels and their production 
requires the energy equivalent of burning 12 million barrels of oil each year. This cause the 
amount of emissions of carbon dioxide up to 5158000 metric tons for produce these bags 
[6]. 
 
 There is a need to find an alternative that can replace petroleum-based plastic to 
renewable resources. For examples production of bioplastic from potato, sweet potato, 
maize, cassava and other renewable resources. The bioplastic is eco-friendly and can help to 
reduce the environment pollutant [21]. It also supported by [14] that say bioplastic 
development efforts have focused predominantly upon starch, which is a renewable and 
widely available raw material and economically competitive with petroleum and has been 
used in several methods for preparing compostable plastics. There has been a widespread 
interest in films made from renewable and natural polymers which can degrade naturally 
and more rapidly than the petroleum-based plastics. Among all biopolymers, starch is being 
investigated as a potential material for biodegradable films [10].  
 
 
11.2 PLASTIC CODE 
Code 1:             
 
Polyethylene 
Terephthalate 
 These materials are relatively cheap and have perfect container for 
soda bottles, water bottles produce bags and several other grocery-
type packaging. 
 Actual breakdown time for this type of plastic from 5 to 10 years. 
Code 2:                
 
High Density 
Polyethylene 
 Used to make detergent bottles, milk cartons, shampoo and 
conditioner bottles 
 Degrade in just under 100 years depending on the thickness of the 
plastic 
Code 3:                
 
Polyvinyl 
Chloride 
 Found in a number of items from pipes to children’s toy 
 Does not readily degrade and when it does it gives off a number of 
toxic materials. 
Code 4:            
 
Low Density 
Polyethylene 
 
 Current plastic grocery bags are made of 
 If exposed to UV-light, these bags have been estimated to breakdown 
in  as little as 500 years with a conservative average time of 1000 
years 
Code 5:            
 
Polyehtylene 
 Generally found in more permanent capacities such as straw and food 
container 
 Highly resistant and will not decay for millennia 
Code 6:            
 
Polystyrene 
 This is the plastic in styrofoam packaging peanuts, cups coolers and 
many other lightweight application. 
 This type of plastic will breakdown in under 50 years. 
Other:               
 
(example  
polycarbonate, 
PC) 
 Includes anything not in codes one until six. 
 Most plastics in this section do not breakdown and are considered 
permanently, chemically bonded 
Sources: [1] 
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11.3 PROPERTIES OF PLASTICS POLYMER 
a) Normal polymer  
 
Most commonly plastic bags used from the supermarkets consist of polyethylene (PE) or 
polypropylene (PP). Polyethylene is usually composed of polymerized ethane molecules 
(C2H4). The material used can be differentiated according the categories such as density or 
molecular branching. There are two types of important substances to produce plastic bags 
which is low density polyethylene (LDPE) and high density polyethylene (HDPE). 
Polypropylene consists of polymerized propene (C3H6) molecules. Both type of plastics is 
non-biodegradable. Then, the degradation may take hundred years until the material 
effectively decays itself, mainly by UV-triggered photocatalytic disintegration [17]. 
 
b) Degradable polymer  
 
This type of plastics also consists of PE or PP, but it also contains additional renewable 
substances such as maize and cassava to stimulate degradation without the help of 
microorganisms. The decomposition begins with exposure to heat, UV-radiation from the 
sun, known as photodegradation process. When this type of plastic exposed to sunshine, 
polyethylene’s polymer chain become brittle and crack, eventually turning what was a 
plastic bag into microscopic synthetic granules. This types also have slow degradation 
process. 
 
c) Biodegradable polymer  
 
Either made of plant-based materials such as starch or bio-synthesized (bacteria) materials. 
These polymers have been produced since 1990. Biodegradable bag is a degradable polymer 
in which the decomposition results from the action of bacteria, fungi, algae and other 
naturally occurring microorganisms [17]. Polymer that are capable of undergoing 
decomposition into carbon dioxide, methane, water, inorganic compounds or biomass in 
which the predominant mechanism is the enzymatic action of micro-organisms that can be 
measured by standardized tests, in a specified time, reflecting available disposal conditions 
[11]. Biodegradable polymers also provide composting as a waste disposal option [12]. 
 
 
d) Oxo-biodegradable plastic 
 
Shopping bags made of polyethylene (PE) with the so called totally degradable polymer 
additives (TDPA) have appeared in the Argentine market with the claim of being "oxo-
degradable"[30]. The overall process, from polymer to water, carbon dioxide and biomass is 
called oxo-biodegradation. Oxo-biodegradable materials had stated by [13] is a polymer 
which has small amount of salt has been added to speed up the oxidative process behave 
similarly to photodegradable materials likes the buried part does not suffer degradation and 
needs to be exposed to light and air because the degradation of oxo-biodegradable plastics is 
a result of oxidative and cell- mediated phenomena. Oxo-biodegradable polymers contain 
pro-oxidants that accelerate their physical and biological degradation [19]. 
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e) Photodegradation 
 
This process is a substance altered via photons, especially those found in the wavelengths of 
the sun’s rays. Most of the synthetic polymers are susceptible to degradation initiated by UV 
and visible light. Normally the near-UV radiations (290-400 nm) in the sunlight determine 
the lifetime of polymeric materials in outdoor applications [23]. Photodegradation can aid 
disintegration of polymers into a powdery residue with a much-reduced visual impact [7]. 
The sensitivity of polymers to photodegradation is related to the ability to absorb the 
harmful part of the tropospheric solar radiation including the UV-B terrestrial radiation 
(295– 315 nm) and UV-A radiation (315–400 nm) responsible for the direct 
photodegradation [22]. 
 
f) Bioplastic 
 
The word ‘bio-plastic’ is used confusingly, However, bio-plastics consist of either 
biodegradable plastic (plastics produced from fossil materials) or bio-based plastics (plastics 
synthesized from biomass or renewable resources) [27]. Bioplastic is a biodegradable 
material that come from renewable sources and can be used to reduce the problem of plastic 
waste that is suffocating the planet and polluting the environment. Bioplastic is a type of 
plastic that is derived from natural raw materials. This type of plastic will degrade when 
exposed to environmental conditions such as moisture, naturally occurring microorganisms 
such as bacteria, fungi and algae or in a composting condition [24]. 
 
11.4 STARCH BASED PLASTIC 
Starch-based plastic is one of interesting alternative to ensure the plastic can safely degrade. 
They are produced from natural resources such as maize and cassava, it also does not affect 
the environment after degradation compare to the common degradable plastics. Many 
country has implement the plastic used that are made from starch based like Europe. Then, 
after the starch-based plastic is degraded, the waste will be reused and recycled. The 
manufacturer will recycle the plastic for future use.  
 
11.4.1 STARCH 
 
Starch is produced from grain or root crops such as sweet potatoes, maize, wheat, rice, yam 
or cassava [9]. Moreover, starch is biodegradable natural polymer and produced in 
abundance at low cost is reported to be one of the most promising candidates for fabrication 
of bioplastics [16]. Starch has several advantages as a raw material in the production of 
adhesives, including: renewability, biodegradability, abundance, cheapness and stability in 
price. Starch from [20] are mentions that is granules that consist of amylose and branching 
points of amylopectin molecules. The amylopectin content in starch is about 70% by weight 
that varies on the source. Furthermore, starch that has mention by [8] is a potentially useful 
material for biodegradable plastics because of its natural abundance and low cost and major 
carbohydrate contain in plant.  
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11.4.2 DIFFERENT TYPES OF STARCH SOURCES 
 
The starch-based that commonly used are from potato, cassava and maize but have different 
specification and characteristic. In order to get the suitable raw material in this study the 
comparison of the characteristic has been conducted. Table 2.1 below show the starch based 
specification according the raw sources 
 
Table 11.1 Starch-based specification 
Properties Sources 
Potato Cassava Maize 
Starch extraction Good Good Good 
Ease of working Good Average Good 
Texture Good Sticky Liquid 
Potential drying Good Low Low 
 
Based on the table above, the suitable and the best raw material were potato. The 
other sources did not suitable in order to produce bioplastic from starch.  Potato is a source 
that easily to get because the availability for potato is high because of the harvest period is 
more fast compare the other sources. But the process in making bioplastic using potato must 
be considered to avoid overharvesting and exploitation. 
Potato contains starch. Starch is excellent for modifying the texture of many 
processed and home such as ingredient of cooked foods and has also been used for centuries 
for other purposes. Polysaccharides are carbohydrate polymers consisting of tens to 
hundreds to several thousand monosaccharide units. All of the common polysaccharides 
contain glucose as the monosaccharide unit. Natural starches are mixtures of amylase (10 – 
20%) and amylopectin (80 –90%) [15]. Potato starch has a lower amylose and amylopectin 
content and a higher level of bound phosphorus, which allows its use in more specific 
applications [4] Starch is a polymer made by plants. Polymers are molecules that consist of 
a long, repeating chain of smaller units called monomers. They have the highest molecular 
weight among any molecules, and may consist of billions of atoms. Polymers are not always 
straight chains of regular repeating monomers; sometimes, they consist of chains of varying 
length or even chains that branch in multiple directions [25]. 
 
11.4.3 ADVANTAGE OF STARCH BASED PLASTIC 
 
 Lower energy costs in manufacturing.  
 Do not use crude oil and petroleum.  
  Reduction in litter and improved compostability from using biodegradable 
bioplastics. Plastic single use shopping bags are the most obvious environmental 
pollution. 
 Do not cause the death of marine animal and not affect the environment. 
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 The use of renewable resources to produce bioplastics. 
 
11.4.4 BIOPLASTIC PRODUCTION FROM POTATO STARCH 
 
Using the renewable resources for preparation of plastic has increased the interest of 
people as an alternative material compare to the conventional ingredient which is petroleum 
based plastic. The bioplastic will combine the renewability and biodegradability with the 
petroleum based plastic functionality. As [5] stated in their research, the biodegradable 
materials, including bioplastics may be grouped as follows: natural biodegradable polymers 
or biopolymers, polymers with hydrolyzable backbones susceptible to biodegradation and 
polymers with carbon backbones (e.g., vinyl polymers) that require an oxidation process for 
biodegradation. The important category in order to choose the suitable material for 
production of bioplastic must have the cellulose-based films, starch based polymers, 
polyhydroxybutyrate polymer and polylactides [5]. The search for an alternative has led 
many researchers to develop bioplastic blend from organic matter such as maize, cassava 
and potato. However, the development progress of the plastic production from starch-based 
is slow and it doubt as to whether degradable plastics is truly feasible and many people does 
not know that plastic can be produced by the renewable raw material such as potato. 
 
11.5 Preparation of potato 
The following step must be followed: 
1. Weighing- The total weight of potato used is 2 kilograms that will used in extraction 
process. 
2. Washing - Washed thoroughly with tap water to remove any impurities  
3. Peeling -  Potato was peeled using a peeler to remove the potato skin. 
4. Dicing - The peeled potato then carefully diced to small size  
5. Blend - The diced potato then blends using blender and add some water to ease the 
process. 
 
11.6 Extraction of starch 
After the blending process, pour the liquid off through the tea strainer into the beaker, 
leaving the potato behind. Next, add 100 cm3 water, grind and strain again. Then, leave the 
mixture to settle in the beaker for 5 minutes. Decant the water from the beaker, leaving 
behind the white layer should have settled in the bottom of the container indicating the 
starch has already settled. Add about 100 g distilled water to the starch and stir gently. 
Leave to settle again and then decant the water, leaving the starch behind. The container 
with the starch was dried until it turns to powder and weight it. 
 
11.7 Production of bioplastic from potato starch 
5 grams of dried potato starch powder was diluted with 50 ml of distilled water in a beaker. 
Then, add 6 ml of 0.1 M hydrochloric acid (HCL). After that add 4 ml of glycerol. Stirred 
the mixture. Next, the beaker was brought on a Bunsen burner to heat up the mixture for 15 
minutes. After 15 minutes, remove the beaker from Bunsen burner and check the solution 
using universal indicator pH paper to check the solution. If the indicator turned red, it 
showing the solution contains acid. Hence, add 6 ml of NaOH to neutralize the solution and 
stir. After that, pour the mixture into the petri dish and the thickness of sample is about 
2mm.  Also can add some food colouring and fragrance for effect of colour and smell.  The 
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sample was allowed to dry. 
 
11.8 Testing and evaluation 
Starch content, tensile strength and biodegradability testing has been conducted and the data 
were recorded. 
 
11.9 CONCLUSION 
The bioplastic that produce was an effective alternative to convert the common plastic. It 
also has potential to commercialize because it uses the renewable resources which is potato 
and can help reduce the environmental pollution 
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